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CHARGE-CONTROLLING
SEMICONDUCTOR INTEGRATED CIRCUIT
AND CHARGING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a charge-controlling semi-
conductor integrated circuit and a charging apparatus for a
secondary battery, and especially relates to a charge-control-
ling IC (semiconductor ntegrated circuit) equipped with a
back-tlow preventing function and a charging apparatus
equipped with an AC-DC converter to generate an input volt-
age for the charge-controlling IC.

2. Description of Related Art

A charging apparatus for a secondary battery uses an IC
having a charge-controlling circuit to control a charging cur-
rent with a charge-controlling transistor composed of a MOS-
FET (insulated gate field effect transistor; hereinafter referred
to as MOS transistor) provided between an input terminal to
which a direct voltage from an AD adapter 1s mput and an
output terminal to which the secondary battery 1s connected.

In such charge-controlling IC, an input voltage, which 1s
used as a source voltage for an inner circuit of the IC, some-
times decreases during battery charge. When the mput volt-
age becomes below a charging voltage, even 11 the charge-
controlling MOS transistor 1s turned off, there 1s a possibility
that a reverse current (back-flow) flows to the input terminal
side through a parasitic diode existing between a drain and
backgate (substratum or well region).

Conventionally, there has been known as techniques for
preventing a back tlow a technique to provide a back-flow
preventing diode between an input terminal and output ter-
minal in series with a current-controlling MOS transistor, and
a techmique to provide a back-flow preventing transistor and
back-flow detecting circuit to prevent a back flow. However,
since a back-flow preventing element 1s provided 1n series
with the current-controlling MOS transistor according, there
1s a defect 1n the above techniques that losses 1n these ele-
ments are large.

Consequently, as shown 1n FIG. 6, there has been a back-
flow preventing technique to prevent reverse current from
flowing to an mput terminal side through a parasitic diode of
the Q1 by providing switches SW1, SW2 between a source/
drain of the current-controlling MOS ftransistor Q1 and a
substratum (backgate), by providing a comparator CMP to
compare an input voltage and an output voltage, by turning
off the current-controlling MOS transistor Q1 when the out-
put voltage becomes higher than the input voltage, and by
switching/controlling the SW1, SW2 to apply the higher volt-
age to the backgate of the Q1.

In addition, as an mvention to prevent a back flow by
switching the voltage to be applied to the backgate of the
current-controlling MOS transistor, there 1s known tech-
niques disclosed 1n Japanese Patent Application Publication
Lain-Open No. 2004-213697 and Japanese Patent Applica-
tion Publication Lain-Open No. 2004-280704.

By the back-flow preventing technique to switch the back-
gate voltage as shown 1n FIG. 6, the following problem may
occur by an input offset which spontaneously occurs 1n the
comparator CMP 1n manufacturing process. When the mput
oifset Vot occurs on a minus side, since the current-control-
ling MOS ftransistor Q1 1s turned oif at the time when an
output voltage VBAT becomes higher than a voltage (VDD-V
of) which 1s lower than an input voltage VDD by the 1mput
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offset VoI as shown 1n FIG. 7A, there 1s a possibility that a
attery charge 1s stopped before the secondary battery 1s
full-charged.

On the other hand, when the 1nput offset Vot occurs on a
plus side, the current-controlling MOS transistor Q1 1s not
turned oif until the input voltage VDD becomes lower than a
voltage (VBAT-Vol) which 1s lower than the output voltage
VBAT by the mnput ofiset Voi as shown in FIG. 7B. For this
reason, when an AC adaptor comes off during a battery charge
for example, the output side voltage transmits though the Q1
of an on-state so that the input side voltage does not become
lower than the output side voltage. As aresult, an output of the
comparator does not invert, namely the Q1 1s not turned off.

When circuits in the charge-controlling IC are configured
to operate according to the input voltage VDD, there 1s a
possibility that the VDD lowers along with the VBAT, and
current 1s continuously supplied from the secondary battery
side to an 1mner circuit 1in the IC through the Q1 of the on-state
so that the battery discharges electricity.

SUMMARY OF THE INVENTION

The present mvention 1s achieved in view of the above
problems, and an object of the present imnvention 1s, 1 the
charge-controlling IC configured to prevent a back flow by
switching the backgate voltage of the current-controlling
MOS transistor, even when the input offset occurs in the
comparator during manufacturing process, to prevent a bat-
tery charge from being stopped before becoming a full-
charged state, and to prevent the current from continuously
being supplied from the secondary battery side to the inner
circuit in the IC when the mput voltage lowers in order to
prevent the battery from discharging electricity.

The other object of the present imnvention 1s, 1n a charge-
controlling IC provided with a plurality of control modes, to
enable the backgate of the current-controlling MOS transistor
to be set to a preferable voltage even 1n any of the modes so as
to prevent a back-low.

In order to achieve the above object, according to a first
aspect of the present invention, a charge-controlling semicon-
ductor integrated circuit includes: a current-controlling MOS
transistor connected between a voltage input terminal and an
output terminal, which current-controlling MOS transistor
controls current flowing from the voltage input terminal to the
output terminal; a substratum voltage switching circuit con-
nected between the voltage mput terminal and the output
terminal, and a substratum of the current-controlling MOS
transistor, and to which substratum an mmput voltage or an
output voltage 1s applied; and a voltage comparison circuit to
compare the input voltage and the output voltage, wherein the
charge-controlling semiconductor integrated circuit 1s con-
figured to control the substratum voltage switching circuit
based on an output of the voltage comparison circuit, the
voltage comparison circuit 1s configured to include an nten-
tional offset 1n a first potential direction, and 1n a preceding
stage of a first input terminal of the voltage comparison cir-
cuit, a level shift circuit to shaft the output voltage to a poten-
tial direction opposite to the first potential direction 1s pro-
vided, and to a second mput terminal of the voltage
comparison circuit, the input voltage 1s mput.

Moreover, according to a second aspect of the present
invention, the charging apparatus includes: the charge-con-
trolling semiconductor integrated circuit; and the converter to
convert alternating voltage to generate the input voltage,
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wherein the converter 1s configured to control the input volt-
age depending on the voltage output from the mput voltage
control circuat.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of the
present invention will become more fully understood from
the detailed description given hereinbelow and the appended
drawings which are given by way of illustration only, and thus
are not mtended as a definition of the limits of the present
invention, and wherein:

FIG. 1 1s a schematically configuration diagram showing a
sample of a charge-controlling I1C and a charging apparatus
using the charge-controlling IC to which the present mnven-
tion 1s applied;

FIG. 2 1s a circuit configuration diagram showing an
embodiment of a level shift circuit according to the present
invention;

FIG. 3A 1s a circuit configuration diagram showing an
another configuration example of a voltage comparison cir-
cuit including ofiset;

FIG. 3B 1s a circuit configuration diagram showing an
another configuration example of a voltage comparison cir-
cuit including ofiset;

FIG. 4 1s a chart showing relations between magmtude
correlation between the VDD and (VBAT-AV1) or (VBAT +
AV1) 1 each control mode of the charge-controlling IC
according to the embodiment, and a backgate voltage and
on/oll state of a current-controlling transistor, a state of the
level shift circuit, and a threshold value of a comparator (level
shift and voltage comparison circuit);

FIG. 5 1s a time chart showing a relation between the input
voltage VDD and the output battery voltage VBAT when the
charge-controlling IC according to the embodiment 1s rapidly
charged;

FIG. 6 1s a circuit configuration diagram showing an
example of a back-flow preventing circuit 1n a conventional
charge-controlling 1C;

FIG. 7A 1s a time chart showing an operation when an
offset 1n a minus direction occurs 1n the comparator in the
conventional back-flow preventing circuit; and

FIG. 7B 1s a time chart showing an operation when an
offset 1n a plus direction occurs 1n the comparator.

DETAILED DESCRIPTION OF THE INVENTION

In the following, the preferred embodiments of the present
invention will be described with reference to the drawings.

FI1G. 1 shows an embodiment of a charge-controlling 1C of
a secondary battery, and a schematically configuration of a
charging apparatus using the charge-controlling 1C, to which
the present invention 1s applied.

As shown 1 FIG. 1, the charging apparatus according to
the embodiment includes: an AC-DC converter 20 to convert
an alternating voltage AC to a direct voltage of, for example,
S5V; and a charge-controlling IC 10 to charge a secondary
battery 30 such as a lithium 10n battery by a direct voltage
VDD converted by the AC-DC converter 20. The AC-DC
converter 20 1s equipped with a diode bridge circuit for rec-
tification, and a DC-DC converter which includes a trans-
former and performs switching drive by PWM or PFM
method to a switching element connected to a primary-side
coil of the transformer to generate desired direct voltage.

The charge-controlling 1C 10 1s equipped with a voltage
input terminal VIN to which the direct voltage VDD from the
AC-DC converter 20 1s input, a battery terminal BAT as an
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output terminal to which the second battery 30 being sub-
jected to a battery charge 1s connected, a current-controlling
MOS transistor Q1 composed of a P-channel MOSFET pro-
vided between the voltage input terminal VIN and the battery
terminal BAT, and a gate voltage control circuit 11 to generate
a gate controlling voltage for the Q1.

The charge-controlling IC 10 also includes: a voltage com-
parison circuit 12 to compare the input voltage VDD and the
voltage VBAT of the battery terminal BAT to detect which
voltages 1s higher; a monitoring MOS transistor (Q2 which has
1/N size of the current-controlling MOS transistor Q1, whose
source terminal 1s connected to the voltage input terminal
VIN, and whose control terminal (gate terminal) 1s supplied
with the same voltage as the Q1; and a current detection
circuit 13 connected between a drain terminal of the Q2 and a
ground point and composed of a resistance Rp.

The charge-controlling IC 10 further includes: a first cur-
rent control circuit 14 to control current for a rapid charge
based on a detected signal of the current detection circuit 13;
a second current control circuit 15 to control current for a
preliminary charge; a charging voltage control circuit 16 to
control voltage based on the battery voltage VBAT; an 1mnput
voltage control circuit 17 to generate a voltage for a feedback
signal to be supplied to a switching control circuit in the
AC-DC converter 20 based on outputs of the current control
circuit 14 and the charging voltage control circuit 16 1n order
to control the input voltage, and to output the generated volt-
age from an external terminal CNT; and a mode control
circuit 18 to determine a control mode 1nside a chip depend-
ing on a charging state to control operations of the control
circuits 11, 14-17.

Incidentally, the feedback signal to be supplied to the
switching circuit 1n the AC-DC converter 20 needs to be fed
back through a photo coupler because a DC-DC converter in
the AC-DC converter 20 1s an insulated converter. For this
reason, 1n the embodiment, a photodiode Dp 1s provided
between the input voltage VDD and the ground point, and the
voltage to be output from the input voltage control circuit 17
to the external terminal CN'T 1s applied to a cathode terminal
ol the photodiode Dp so that the photodiode Dp emits light.

In the AC-DC converter 20, a light receiving diode to
receive emitted light from the photodiode Dp to perform
photoelectric conversion, and a capacitor to be charged with a
current from the light receiving diode and to generate a volt-
age depending on a light recerving time (pulse width) are
provided, and the voltage of the capacitor becomes the feed-
back signal. There has been known a switching regulator
provided with a light receiving circuit having such configu-
ration and controls current flowing through the primary-side
coil depending on the feedback signal (voltage) from the
secondary battery side. Since a general switching regulator as
above may be used as the DC-DC converter 1in the AC-DC
converter, 1llustration 1s omitted.

Moreover, charge-controlling IC 10 of the embodiment
includes: switch MOS transistors M1, M2 which 1s connected
between a source or drain of the current-controlling MOS
transistor Q1 and the substratum (backgate), and which selec-
tively applies the mput voltage VDD or the output voltage
VBAT to the substratum of the (Q1; and a level shiit circuit 19
to shuft a level of the battery voltage VBAT to supply the
VBAT to the voltage comparison circuit 12. The M1, M2 are
configured to be controlled to be the on-state or off-state
complementary.

The level shift circuit 19 1s configured to be capable of
switching a level-shift function between valid and mvalid
according to a control signal from the mode control circuit 18.
When the function becomes valid, the level shift circuit 19
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shifts the battery voltage VBAT to lower side by AVB to
supply the VBAT to the voltage comparison circuit 12, and
when the function becomes invalid, the level shift circuit 19
directly supplies the battery voltage VBAT without shifting.
On the other hand, the voltage comparison circuit 12 1s con-
figured to include an intentional offset AV2 whose direction 1s
opposite to a shift direction of the battery voltage by the level
shift circuit 19.

According to this configuration, when the level shift circuit
19 and the voltage comparison circuit 12 are regarded as one
comparator, the voltage comparison circuit 12 outputs aresult
(when the level shift 1s valid) obtained by comparing the input
voltage VDD and the battery voltage (VBAT-AVB+AV2)
and a result (when the level shift 1s invalid) obtained by
comparing the input voltage VDD and the battery voltage
(VBAT+AV2).

Here, AVB 1s set to a larger value than offset AV2. By the
operation, 11 AVB=AV1+AV2, the voltage comparison circuit
12 outputs a result obtamned by comparing the VDD and
(VBAT-AV1)whenthe level shuft 1s valid. Although AV1 and
AV?2 need not to be same values, if AV12AV2 and each of
AV1 and AV2 is set to a larger value than the maximum value
of the offset (specific offset generated due to process) Voi
included 1 a differential amplifier circuit constituting the
comparator, a voltage comparison result which 1s riot influ-
enced by the specific offset can be obtained. In the embodi-

ment, since the maximum value of the specific offset Vol 1s 30
mV, AVB and AV2 are set such that AVB=100 mV and

AV2=50mV.

Incidentally, though not especially limited, the first current
control circuit 14, the second current control circuit 15 and
the charging voltage control circuit 16 may be composed of
an error amplifier which generates a voltage depending on a
potential difference between each input voltage and a prede-
termined voltage.

Next, amode control by the mode control circuit 18 will be
described In FIG. 4, relations between magnitude correlation
between the VDD and (VBAT-AV1) or (VBAT+AV1) in
cach control mode of the charge-controlling IC according to
the embodiment, and a backgate voltage and on/off state of a
current-controlling transistor, a state of the level shift circuit,
and a threshold value of a comparator (level shitt and voltage
comparison circuit) are shown by arranged on a chart.

Inputs of the mode control circuit 18 are the mput voltage
VDD, the output voltage VBAT, and a detected signal VDET
ol the current detection circuit 13. The control mode 1s deter-
mined based on these mputs, and a signal for controlling
on/oil of the level shift circuit 19 and operations of the gate
voltage control circuit 11, the first voltage control circuit 14,
the second voltage control circuit 15, and the charging voltage
control circuit 16 1s generated according to the determined
mode to be supplied.

The control mode by the mode control circuit 18 includes
at least following four modes. A first mode #1 1s a mode for
performing preliminary charge immediately after starting a
battery charge, and a mode which controls the current con-
trolling MOS transistor Q1 according to the output of the
current control circuit 15. When the mode control circuit 8
selects this mode, the gate voltage of the Q1 1s controlled so
that the current control circuit 15 and the gate voltage control
circuit 11 control the current-controlling MOS transistor Q1
to flow comparatively small charging current (constant cur-
rent) of, for example, 70 mA, based on the detected signal of
the current detection circuit 13.

This preliminary charge 1s performed for recovering the
battery voltage to about 3V 1n the case of the lithtum ion
battery, and since the battery rapidly deteriorates when the
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charging current 1s large, the battery charge 1s performed
while suppressing the current, and this mode ends at the time
when the battery voltage 1s recovered to about 3V. For
example, 1n order to limit a preliminary charge time of the
lithium 10on battery to 20 minutes or less, it 1s possible to
control the charge time by incorporating a timer. Incidentally,
in this preliminary charge mode, comparatively high direct
voltage VDD of, for example, 3V (constant) 1s input from the
AC-DC converter 20.

Moreover, 1n this preliminary charge mode, a control signal
representing OFF (invalid) 1s supplied from the mode control
circuit 18 to the level shift circuit 19, and the level shift circuit
19 operates so as to directly transmit the voltage VBAT of the
batter, terminal BAT to the voltage comparison circuit 12.
Thus, the voltage comparison circuit 12 compares the 1input
voltage VDD and (VBAT+AV2). Since the VDD 1s normally
higher, an output of the voltage comparison circuit 12
becomes high level. As a result, the switch MOS transistors
M1 for switching the backgate 1s turned on, and the switch
MOS transistors M2 1s turned off, so that the VDD 1s applied
to the backgate of the Q1. Accordingly, even 1f the VDD 1s
0.7V or more higher than the VBAT, the current 1s prevented
from flowing from the mput terminal VIN to the battery
terminal BAT via the parasitic diode of the Q1.

If for any reason the mmput voltage VDD becomes below
(VBAT+AV?2), the output of the voltage comparison circuit
12 becomes low level, and the switch MOS transistors M2 for
switching the backgate 1s turned on, and the switch MOS
transistors M1 1s turned off, so that the VBAT 1s applied to the
backgate of the Q1. Thus, the current 1s prevented from flow-
ing from the battery terminal BAT to the input terminal VIN
via the parasitic diode of the Q1.

At this time, since the voltage comparison, circuit 12 com-
pares the mput voltage VDD and (VBAT+AV2), even when
the differential amplifier circuit in the voltage comparison
circuit 12 includes the specific offset due to the process and

even when the adaptor comes off and the AC-DC converter 20
stops so that the VDD becomes such that VDD=VBAT, 1t 1s

possible to surely detect a state of (VDD<VBAT+AV2) By
shifting the Q1 to the off-state, it 1s possible to avoid the
problem that the current continuously flows from the second-
ary battery to each circuit 1n the charge-controlling 1C 10
through the Q1 and the battery discharge electricity.

The second mode #2 1s a mode for performing rapid dis-
charge aiter the secondary battery recovers to about 3V by the
preliminary charge, and which controls the output voltage of
the AC-DC converter 20, namely the mput voltage VDD,
according to the output of the current control circuit 14. When
the mode control circuit 18 selects this mode, the current
control circuit 14 and the mput voltage control circuit 17
control the voltage (for example, pulse) to be output to the
external terminal CNT based on the detected signal of the
current detection circuit 13, the AC-DC converter 20 controls
the input voltage VDD so that the current-controlling MOS
transistor Q1 flows comparatively large charging current
(constant current) of, for example, 700 mA.

A rapid charge according to a conventional general con-
stant current control 1s performed while the mmput voltage
VDD from the AC-DC converter 20 1s constant (for example,
5V), and 1n this case, there 1s a potential difference of 1V or
more between the input voltage VDD and the battery voltage
VBAT, and thereby power etliciency 1s not good. On the other
hand, as the embodiment, when the rapid charge for control-
ling the mput voltage VDD so that the charging current tlow-
ing through the Q1 becomes constant 1s performed, as a
period 42 shown 1n FIG. §, since the mput voltage VDD 1s
gradually heightened along with the process of the battery
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charge while maintaining the potential difference of the input
voltage VDD slightly higher than the battery voltage VBAT,
power elficiency 1s improved.

Furthermore, 1n this mode, the control signal representing,
ON (valid) 1s supplied from the mode control circuit 18 to the
level shift circuit 19, and the level shift circuit 19 shifts t

he
voltage VBAT of the battery terminal BAT to lower side by
AVB to supply the VBAT to the voltage comparison circuit
12. Thus, the voltage comparison circuit 12 compares the
input voltage VDD and (VBAT-AV1). In this case, since the
VDD 1s normally higher, the output of the voltage comparison
circuit 12 becomes high level. As a result, the switch MOS
transistors M1 for switching the backgate 1s turned on, and the
switch MOS transistors M2 1s turned off, so that the VDD 1s
applied to the backgate of the Q1.

Consequently, 11 the potential difference between the VDD
and the VBAT 1s 0.7V or more, the current 1s prevented from
flowing from the input terminal VIN to the battery terminal
BAT through the parasitic diode of the Q1. Moreover, If for
any reason the mput voltage VDD becomes below (VBAT -
AV2), the output of the voltage comparison circuit 12
becomes low level, and the switch MOS transistors M2 for
switching the backgate i1s turned on, and the switch MOS
transistors M1 1s turned off, so that the VBAT 1s applied to the
backgate of the Q1. Thus, 11 the potential difference between
the VDD and the VBAT 1s 0.7V or more, the current 1s pre-
vented from flowing from the battery terminal. BAT to the
input terminal VIN via the parasitic diode of the Q1.

Incidentally, at this time, since the voltage comparison
circuit 12 compares the mput voltage VDD and (VBAT-
AV1), 11 the differential amplifier circuit 1n the voltage com-
parison circuit 12 includes the specific offset due to the pro-
cess, 1t appears that the state of VDD<VBAT cannot detected
rapidly unlike the first control mode. However, 11 the adaptor
comes olf and the AC-DC converter 20 stops so that
VDD=VBAT, the current such as 700 mA does not flow
through the current-controlling MOS transistor Q1, and this
state can be detected by the current detection circuit 13
including a sense MOS transistor Q2.

In that case, by allowing the mode control circuit 18 to send
the control signal to the gate voltage control circuit 11 so that
the Q1 shiits to the off-state, 1t 1s possible to avoid the problem
that the current Contmuously flows from the secondary bat-
tery to each circuit in the charge- controlhng IC 10 through the
Q1. At the time of above detection, 1t 1s also possible to
provide a proper delay time Tdet, and to allow the Q1 to shift
to the ofl-state in the case that the current flows back during
Tdet. According to this operation, when a cause of
VDD<VBAT 1s not stop of the AC-DC converter 20, but 1s

temporary, the on-state can continue without turning oif the
Q1.

The third mode #3 1s a mode which performs a battery
charge after the secondary battery reaches about 4.2V by the
rapid charge till the battery becomes full-charged state, and
which controls the output voltage of the AC-DC converter 20,
namely the input voltage VDD, by the output of the charging
voltage control circuit 16. When the mode control circuit 18
selects this mode, the charging voltage control circuit 16 and
the mput voltage control circuit 17 control the voltage to be
output to the external terminal CNT based on the battery
voltage VBAT, and the AC-DC converter 20 controls the input
voltage VDD so that the Q1 tlows the current while the battery
voltage VBAT 1s constant ({or example, 4.2V).

A conventional general rapid charge 1s performed while the
input voltage VDD from the AC-DC converter 20 1s constant
(for example, 5V), and 1n this case, there 1s a potential differ-
ence ol 0.8V or more between the input voltage VDD and the
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battery voltage VBAT, and thereby power elliciency 1s not
good. On the other hand, as the embodiment, 1f the battery
charge 1s performed by controlling the input voltage VDD
while the Q1 1s 1n the on-state, since the charging current
gradually decreases along with the process of the battery
charge while the input voltage VDD maintains slightly higher
potential difference than the battery voltage VBAT so that the
secondary battery reaches the full-charged state, power elli-
ciency 1s mmproved. This constant current battery charge
mode 1s performed until the charging current lowers to a
current such as 70 mA for example, and then the transistor Q1
1s turned oif and the battery charge 1s completed.

Also 1n this mode, the control signal representing ON from
the mode control circuit 18 to the level shift circuit 19, and the
level shift circuit 19 shiits the voltage VBAT of the battery
terminal BAT to the lower side by AVB to supply the VBAT to
the voltage comparison circuit 12. Thus, the voltage compari-
son circuit 12 compares the mput Voltage VDD and (VBAT -
AV1). In this case, normally the VDD is higher so that the
output of the voltage comparison circuit 12 becomes high
level. As a result, the switch MOS transistors M1 for switch-
ing the backgate 1s turned on, and the switch MOS transistors
M2 1s turned off, so that the VDD 1s applied to the backgate of
the Q1.

Consequently, 11 the potential difference between the VDD
and the VBAT 1s 0.7V or more, the current 1s prevented from
flowing from the input terminal VIN to the battery terminal
BAT through the parasitic diode of the Q1. Moreover, I for
any reason the mput voltage VDD becomes below (VBAT -
AV1), the output of the voltage comparison circuit 12
becomes low level, and the switch MOS transistors M2 for
switching the backgate i1s turned on, and the switch MOS
transistors M1 1s turned off, so that the VBAT 1s applied to the
backgate of the Q1. Thus, 11 the potential dif:

Terence between
the VDD and the VBAT 1s 0.7V or more, the current 1s pre-
vented from flowing from the battery terminal BAT to the
input terminal VIN via the parasitic diode of the Q1.

Incidentally, when the mode control circuit 18 starts the
rapid charge, by allowing the current control circuit 14 and
the charging voltage control circuit 16 to operate concur-
rently, 1t 1s possible to perform the control so that the process
automatically shifts from the above-described second mode
to the third mode.

The fourth mode #4 1s a mode where the current-control-
ling MOS transistor Q1 1s 1n the off-state and the battery
charge 1s stopped. When the mode control, circuit 18 selects
this mode, the control signal representing OFF (invalid) 1s
supplied from the mode control, circuit 18 to the level shift
circuit 19 and the level shift circuit 19 operates to directly
transmit the voltage VBAT of the battery terminal BAT to the
voltage comparison circuit 12.

Thus, the voltage comparison circuit 12 compares the input
voltage VDD and (VBAT+AV2), and when the VDD 1s
higher, the output of the comparison circuit 12 becomes high
level. As a result, the switch MOS transistors M1 for switch-
ing the backgate 1s turned on, and the switch MOS transistors
M2 1s turned off, so that the VDD 1s applied to the backgate of
the Q1. According to the operation, even 1f the VDD 15 0.7V
or more higher than the VBAT, the current 1s prevented from
flowing from the mput terminal VIN to the battery terminal
BAT through the parasitic diode of the Q1.

On the other hand, when the input voltage VDD 1s lower
than (VBAT+AV?2), the output of the voltage comparison
circuit 12 becomes low level. As a result, the switch MOS
transistors M2 for switching the backgate 1s turned on, and the
switch MOS transistors M1 1s turned off, so that the VBAT 1s

applied to the backgate of the Q1. According to the operation,
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even 1f the VBAT 1s 0.7V or more higher than the VDD, the
current 1s prevented from tlowing from the battery terminal
BAT to the input terminal VIN through the parasitic diode of
the Q1.

Incidentally, i this mode, since the current-controlling
MOS transistor (Q1 1s 1n the off-state from the beginning, the
problem that the current continuously flows from the second-
ary battery to each circuit in the charge-controlling IC
through the Q1 so that the battery discharges electricity
because the adaptor comes off does not occur like the first
mode.

FI1G. 2 shows a specific circuit configuration diagram of the
level shift circuit 19.

The level shift circuit of the embodiment includes: resis-
tances R1, R2 connected 1n series between an iput terminal
IN to which the voltage VBAT of the battery terminal BAT 1s
input and an mverted mput terminal of the voltage compari-
son circuit 12 including offset 1n a subsequent stage; and a
constant current source CS1 connected between a connecting
node of R1, R2 and a ground point. The level shift circuit 19
1s configured so that the constant current source CS1 1s con-
trolled to be on/off by the control signal on/off from the mode
control circuit 18. The constant current source CS1 may be
composed of one MOS ftransistor or bipolar transistor, or
these transistors and a resistance connected thereto 1n series.

The voltage comparison circuit 12 1in a subsequent stage 1s
composed of a ditferential amplifier circuit including a pair of
differential transistors in which a source terminal 1s com-
monly connected to mnput stages thereof. According to this
configuration, when the constant current source CS1
becomes the off-state, the voltage VBAT of the battery termi-
nal BAT 1s directly transmitted to the voltage comparison
circuit 12 without performing level shift. On the other hand,
when the constant current source CS1 becomes the on-state,
voltage depression depending on a resistance value rl of the
resistance R1 and a current value I1 of the constant current
value CS1 occurs in the resistance R1, and thereby the voltage
lower than the VBAT by AVB (=r1-11) 1s supplied to the
voltage comparison circuit 12. In this embodiment, values of
rl and I1 are set so that AVB=100 mV.

The voltage comparison circuit 12 1s configured so that an
input offset of S0 mV occurs 1n a minus direction by being
designed so that a size ratio of the differential transistors 1n an
inputting stage becomes a size ratio (approximate size of a
transistor on the 1nverted mput terminal side) like 3:4. In
addition, the voltage comparison circuit 12 1s configured to
include hysteresis characteristics so as not to operate wrongly
due to a noise.

Incidentally, instead of providing the iput offset by
designing the differential transistors in the mput stage to be
the size ratio like 3:4, the input offset 1n a minus direction may
be provided by allowing the size of the differential transistors
to be 1:1, providing a level shift circuit composed of a resis-
tance R3 and a constant current source CS2 as shown 1n FIG.
3A on the non-inverted mput terminal, side or providing a
level shift circuit composed of a resistance R4 and a switching
clement SW1 such as MOSFET 1nstead of the constant cur-
rent source as shown in FIG. 3B, and allowing the voltage
depression of, for example, 50 mV, to occur 1n the resistance
R3.

The embodiment of the present invention 1s described
above, but the present mnvention 1s not limited to the above
embodiment, and various changes are possible based on the
technical 1dea of the present invention. For example in the
embodiment of FIG. 1, the charging current 1s detected by
providing the current- controlhng MOS transistor Q1 and the
current-controlling MOS transistor Q2 and the resistance Rp
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which constitute a current mirror, but the Rp may be an
outside part of the IC. In addition, a sense resistance may be
provided 1n series with the current-controlling MOS transis-
tor Q1 to detect the charging current.

Moreover, 1n the current detection circuit 13 of the embodi-
ment of FIG. 1, a circuit where a current mirror ratio 1s
improved by further connecting a transistor (assumed as (Q3)
in series with the current-detecting MOS transistor 2, pro-
viding an operational amplifier whose mnput 1s drain voltage
of the Q1 and Q2 to control the transistor Q3 1n series with the
Q2 by the operational amplifier may be used.

In above explanation, an example where the present inven-
tion 1s applied to the charge-controlling IC for the secondary
battery 1s explained, but the present invention 1s not limited to
the example, and may be applied to a power source control-
ling IC for a direct power source circuit such as a series
regulator.

As described above, a charge-controlling semiconductor
integrated circuit according to the embodiment includes: a
current-controlling MOS ftransistor connected between a
voltage mput terminal and an output terminal, which current-
controlling MOS transistor controls current flowing from the
voltage mput terminal to the output terminal; a substratum
voltage switching circuit connected between the voltage input
terminal and the output terminal, and a substratum of the
current-controlling MOS transistor, and to which substratum
an input voltage or an output voltage 1s applied; and a voltage
comparison circuit to compare the input voltage and the out-
put voltage, wherein the charge-controlling semiconductor
integrated circuit 1s configured to control the substratum volt-
age switching circuit based on an output of the voltage com-
parison circuit, the voltage comparison circuit 1s configured
to include an intentional ofl

set 1n a {irst potential direction,
and 1n a preceding stage of a first input terminal of the voltage
comparison circuit, a level shift circuit to shift the output
voltage to a potential direction opposite to the first potential
direction 1s provided, and to a second input terminal of the
voltage comparison circuit, the input voltage 1s input.
According to the above means, even if the voltage com-
parison circuit for comparing the input voltage and the output
voltage includes the spontaneous offset which occurs due to
the process, the spontancous offset can be hidden by the
intentional offset given by the design. As a result, 1t becomes
possible to set the backgate of the current-controlling MOS
transistor to a preferable voltage to prevent the back flow
through the parasitic diode, to prevent the current-controlling
MOS ftransistor from being turned oil before becoming the
tull-charged state, and to turn oif surely the current- control-
ling MOS transistor when 1t should be turned off.
Here, the intentional ofiset 1s set to a larger value than a
spontaneous oifset included 1n the voltage comparison cir-
cuit. Although a desired effective can be somewhat obtained
when the intentional offset value 1s small, when the inten-
tional offset 1s set to a large value, more effective value can be
obtained. Moreover, a level shift amount of the level shiit

circuit 1s set to be twice as large as the intentional ot

set. Thus,
it becomes possible to allow the voltage comparison circuit to
have the intentional offsets 1n a minus direction and plus
direction which are almost same 1n appearance.

Preferably, the charge-controlling semiconductor inte-
grated circuit further includes: a current detection circuit to
detect a magnitude of charging current flowing through the
current-controlling MOS transistor; a first charging current
control circuit to generate a signal for controlling the charging
current to be a first current value based on a detected signal of
the current detection circuit; a second charging current con-
trol circuit to generate a signal for controlling the charging
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current to be a second current value smaller than the first
current value based on the detected signal of the current
detection circuit; a charging voltage control circuit to gener-
ate a signal for controlling the output voltage to be a prede-
termined voltage based on the output voltage; a gate voltage
control circuit to generate a gate controlling voltage for the
current-controlling MOS transistor based on an output of the
second charging current control circuit; and a mode control
circuit to control an operation of each of the control circuits,
wherein the level shift circuit 1s configured to be controlled to
be an on-state or an oif state by the mode control circuit.
According to this configuration, the input voltage to be input
to the charge-controlling semiconductor integrated circuit
can be controlled so that power efficiency 1s improved, and
the battery charge can be performed in the proper mode
depending on the charge stage.

Preferably, the mode control circuit 1s configured to gen-
crate a signal for controlling an operation of each of the
control circuits according to the mput voltage, the output
voltage, and the detected signal of the current detection cir-
cuit. According to this configuration, the mode control circuit
can generate the signal for properly controlling the operation
of each of the control circuits with comparatively small num-
ber of mputs.

Preferably, the charge-controlling semiconductor inte-
grated circuit further includes an input voltage control circuit
to output to the exterior a voltage for generating a feedback
signal to be supplied to a converter which generates the input
voltage, depending on an output of the first charging current
control circuit and an output of the charging voltage control
circuit, wherein the level shift circuit 1s configured to be
controlled to be turned into the on-state 1n a mode where the
input voltage control circuit outputs the voltage, and turned
into the ofl-state 1n other modes. According to this configu-
ration, 1t 1s possible to allow the level shiit circuit to function
validly by the output of the mode control circuit to properly
perform the control of the substratum voltage switching cir-
cuit and the on/off control of the current-controlling MOS
transistor. In other words, it 1s unnecessary to provide a dedi-
cated control circuit 1in addition to the mode control circuit 1n
order to control the level shift circuat.

According to the present invention, in charge-controlling
IC configured to switch the backgate voltage of the current-
controlling MOS transistor to prevent a back flow, even when
the 1input oifset occurs 1n the comparator during manufactur-
ing process, the problem that the battery charge 1s stopped
betore becoming the full-charged state and the current con-
tinuously flows from the second battery side to the inner
circuit of the IC so that the battery discharges electricity when
the mput voltage decreases. Moreover, in the charge-control-
ling IC including a plurality of control modes, there 1s an
advantage that the backgate of the current-controlling MOS
transistor can be set to a preferable voltage even 1n any of the
control modes to prevent a flow back.

The entire disclosure of Japanese Patent Application No.
2008-131754 filed on May 20, 2008, including specification,
claims, drawings and abstract are incorporated herein by ret-
erence 1n 1ts entirety.

What 1s claimed 1s:

1. A charge-controlling semiconductor integrated circuit

comprising;

a current-controlling MOS transistor connected between a
voltage mput terminal and an output terminal, which
current-controlling MOS ftransistor controls current
flowing from the voltage input terminal to the output
terminal:
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a substratum voltage switching circuit connected between
the voltage input terminal and the output terminal, and a
substratum of the current-controlling MOS transistor,
wherein an input voltage or an output voltage 1s applied
to said substratum,

a voltage comparison circuit to compare the input voltage
and the output voltage, wherein the voltage comparison
circuit 1s configured to 1include an itentional offset in a
first potential direction; and

a level shaft circuit to shiit the output voltage to a potential
direction opposite to the first potential direction,

wherein:

a voltage from the level shift circuit 1s input to a first input
terminal of the voltage comparison circuit,

the input voltage 1s 1nput to a second input terminal of the
voltage comparison circuit, and

the charge-controlling semiconductor integrated circuit 1s
configured to control the substratum voltage switching
circuit based on an output of the voltage comparison
circuit, such that:
the substratum voltage switching circuit applies the

input voltage to the substratum of the current-control-
ling MOS transistor when a sum of the voltage of the
first input terminal and the intentional offset 1s lower
than the voltage of the second input terminal, and
the substratum voltage switching circuit applies the out-
put voltage to the substratum of the current-control-
ling MOS transistor when the sum of the voltage of
the first mput terminal and the intentional oifset is
higher than the voltage of the second input terminal.

2. The charge-controlling semiconductor integrated circuit
according to claim 1, wherein the intentional offset is set to a
larger value than a spontaneous ofiset included in the voltage
comparison circuit.

3. The charge-controlling semiconductor integrated circuit
according to claim 2, wherein a level shift amount of the level
shift circuit 1s set to be twice as large as the intentional offset.

4. The charge-controlling semiconductor integrated circuit
according to claim 1, further comprising:

a current detection circuit to detect amagnitude of charging
current flowing through the current-controlling MOS
transistor;

a {irst charging current control circuit to generate a signal
for controlling the charging current to be a first current
value based on a detected signal of the current detection
circuit;

a second charging current control circuit to generate a
signal for controlling the charging current to be a second
current value smaller than the first current value based
on the detected signal of the current detection circuait;

a charging voltage control circuit to generate a signal for
controlling the output voltage to be a predetermined
voltage based on the output voltage;

a gate voltage control circuit to generate a gate controlling
voltage for the current-controlling MOS transistor based
on an output of the second charging current control
circuit; and

a mode control circuit to control an operation of each ofthe
control circuits,

wherein the level shiit circuit 1s configured to be controlled
to be an on-state or an oif state by the mode control
circuit.

5. The charge-controlling semiconductor integrated circuit

according to claim 4, wherein the mode control circuit i1s
configured to generate a signal for controlling an operation of
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cach of the control circuits according to the input voltage, the
output voltage, and the detected signal of the current detec-
tion circuit.

6. The charge-controlling semiconductor integrated circuit
according to claim 4, further comprising:

an 1nput voltage control circuit to output to an exterior a

voltage for generating a feedback signal to be supplied to
a converter which generates the input voltage, depend-
ing on an output of the first charging current control
circuit and an output of the charging voltage control
circuit,

wherein the level shift circuit 1s configured to be controlled

to be turned into the on-state 1n a mode where the 1nput
voltage control circuit outputs the voltage, and turned
into the ofi-state in other modes.

7. A charging apparatus comprising:

the charge-controlling semiconductor integrated circuit

according to claim 6; and

a converter to convert alternating voltage to generate the

input voltage,

wherein the converter 1s configured to control the input

voltage depending on the voltage output from the input
voltage control circuit.

8. The charge-controlling semiconductor integrated circuit
according to claim 1, wherein the first potential direction is a
plus side.

9. The charge-controlling semiconductor integrated circuit
according to claim 1, wherein the first potential direction 1s a
minus side.
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